Introduction

The importance of non-invasive evaluation of liver steatosis and fibrosis in virus C infected patients
Chronic conditions of the liver represent an important public health issue. Whatever the nature of the aggression against the liver, it seems that it always follows the same pattern: inflamation -> necrosis -> healing (fibrosis) -> regeneration (cirrhosis) -> dysplasia -> hepatocellular carcinoma. An important link in this course of events is represented by fibrogenesis. On the other hand, there are more and more evidence that, in patients with chronic hepatitis C, steatosis is a risk factor independently associated with necroinflammatory activity and fibrosis progression.
At the moment, the gold standard in the evaluation of both liver fibrosis and steatosis is represented by liver biopsy (LB), an invasive method with possible side effects. As a result, most of the research done worldwide is focused towards developing other alternative, noninvasive diagnosis methods, that would be capable to evaluate fibrosis and steatosis as accurately as possible.
Therefore, the following pages will present an evaluation of unidimensional transient elastography (TE) performance in the assessment of liver fibrosis and steatosis in patients suffering from chronic viral hepatitis type C (HCV).
Liver biopsy -An imperfect gold standard
Liver biopsy was performed by P Ehrlich in 1883 and became a common exploration method in 1958, when G Menghini introduced the first biopsy technique with a needle that was named after him [1] .
Liver biopsy provides a lot of information [2] [3] [4] [5] [6] :
• it represents the gold standard for a positive and differential diagnosis of diffuse liver diseases;
• provides important etiology data;
• allows for the evaluation of the necroinflammatory activity, evolutive stage (fibrosis) and confirms if cirrhosis is present or not;
• helps establish the prognosis;
• identifies concomitent morphological alterations that may influence therapy response and its evaluation (steatosis, iron overload, etc);
• it can determine treatment efficiency.
At the same time, one can not ignore the fact that liver biopsy has significant limitations: possible complications, including mortality; important sampling errors; high cost; subjective appreciations that may be due to important intra and interobserver variations.
Biopsy complications may vary in magnitude and frequency depending on the subjacent liver pathology. Among these can be listed: pain (epigastric area, right shoulder, right hypocondrium); vagal response; hemorrhagic accidents (hemoperitoneum, hemobilia, liver hematoma); bile peritonitis, bilioma; bacteremia; infections and abscesses; pneumothorax and/or pleural reactions; hemothorax; arteriovenous fistula; subcutaneous emphysema; adverse reactions caused by the anesthetic; breaking of the biopsy needle; penetration of other organs: lung, kidney, colon. The mortality associated with this technique is low, but it is possible in 0.0088-0.3% of the cases [7] [8] [9] [10] [11] .
The most significant problem encountered when interpreting a biopsy is represented by samplig error. Considering the fact that the tissue sample obtained through liver biopsy represents approximately 1/50.000-1/100.000 of the liver volume, it can be inadequate for the diagnosis of diffuse liver conditions, as the histopathological changes may be spread unevenly [5] . Even though liver biopsy is considered the standard exploration in the evaluation of liver diseases, it has an accuracy of only 80% in staging fibrosis and it can miss cirrhosis in 30% of the cases [12] . For example, Ragev reported that in HCV patients, there is a discrepancy of at least 1 stage between the right and left lobe in 33% of the patients [13] . At the same time, Siddique observed that a difference of at least one stage between 2 samples (15 mm long) cut from the same area occurs in 45% of the cases [14] .
Considering all these observations, the results of the studies performed to validate a noninvasive diagnosis method must be interpreted with caution, since they are compared with an imperfect "gold standard".
Because of the limitations and invasive nature of liver biopsy, other non-invasive means are being tested for the evaluation of diffuse hepatopathies, and implicitly of fibrosis and steatosis as major prognosis factors in the evolution of the hepatopathy. Therefore, there is interest in developing other methods, either serological or imaging, which are all non-invasive, in order to determine the presence and degree of fibrosis, as well as of steatosis. One of these methods is unidimensional transient elastography (Fibroscan).
The principle of unidimentional transient elastography
The divice consists of a special transducer, that is placed in the axis of a mechanical vibrator. The vibrator generates pain-free vibrations that produce a train of elastic waves that will be transmited through the skin and subcutaneous tissue to the liver. At the same time with activating the vibration, the probe performs a number of ultrasound acquisitions (the same process of emision-reception used in conventional ultrasonography), with a frequency of 4 kHz. Reports on the tissues deformation caused by elastic wave transmission can be formulated by comparing the succesive ultrasound (US) signals acquired in this manner. The time necessary for the train of waves to propagate along the area of interest, as well as propagation velocities are being measured. This way liver stiffness can be determined using the following formula: E = 3ρVs 2 (E -elasticity module, ρ -density, a constant of the material; Vspropagation velocity within the liver parenchyma). The more rigid the material, the higher the velocity of propagation [15] [16] [17] .
During the examination, the patient is lying down, face-up, with his right arm placed in hyperextension and above the head for an adequate exposure of his right hypocondrium. The probe is placed in contact with the patient's skin, at the level of an intercostal space, in an area of full liver dullness and avoiding any large vessels.
When the button on the probe is pushed, the vibration that will be transmitted through the liver is activated. By analyzing tissue deformation report, the software of the equipment will measure the liver stiffness (LS). The results are given in kiloPascals (kPa) and correspond to a median value of 10 valid measurements. The machine can determine values between 2.5 and 75 kPa.
The monitor of the machine will display data regarding the patient's identity, diagnosis, name of the examining physician, the instantaneous value of liver stiffness (CS), the median stiffness resulted from 10 valid measurements, the success rate (SR), as well as the variation of the 10 values compared with the median value (IQR).
To be in agreement with the recommendations of the producer, the success rate must be at least 60% and IQR must not exceed 30% of the median liver stiffness [16] , even though it seems that the best concordance with liver biopsy is obtained when this value does not exceed 20% of the median [18] .
There are no studies that especially focus on the issue of the variability of LS measurements and therefore the interpretation of the results is done according to the experience of the ex- aminer and the recommandations of the producer [19] . It is not known whether this variability is encountered only in the diseased liver or whether it is present in the healthy liver as well and to what degree this affects the interpretation of the results. The cause of this problem can be an inadequate technique or the liver pathology itself (for example, in macronodular cirrhosis, liver stiffness can be different in different areas of the liver). When there is a high variability of the results, it is important to check whether the probe is placed perfectly perpendicular on the thoracic wall, if the transmited vibration does not encounter the ribs and if the waves are transmited vertically, strictly between the ribs. If the generated wave is large, bifid or angulated, than the software of the machine will reconstruct the velocity curve in different points of the wave and therefore lead to variations of the acquired values. In order to obtain an accurate elastogram the transducer must be placed in the middle area of the right lobe, avoiding contact with the ribs that may lead to vibration distorsion and absorbtion [19] .
The technique measures the stiffness of a volume that is equivalent with that of a cilinder of 1 cm in diameter and 4 cm in length (the measurement can be performed on a distance of 25 to 45 cm from the skin). This volume, representing about 1/500 of the liver volume, is at least a 100 times larger than the one obtained through liver biopsy and it is therefore more representative for the whole liver parenchyma [20, 21] .
The examination can be performed by a technician following a short period of training (approximately 100 cases) [22] [23] , while the clinical interpretation of the results must always be done by an expert who would consider the demographic data, the etiology of the disease and the biochemical profile of the patient at the moment of the examination [21] .
A multivariate analysis of the relationship between liver stiffness and fibrosis, necroinflammatory activity and steatosis Showed, in some studies, that there is a significant correlation with fibrosis, but no correlation with necroinflammatory activity and steatosis [16, 24] . Nevertheless, the authors of the initial concept acknowledged, following in vitro studies, that it is unlikely that a single physical parameter (liver stiffness) would describe entirely a complex biological system in which fibrosis is only a part [15] .
A prospective assessment of the role of the histopathological parameters seen in LB in explaining the variance of liver stiffness was performed on 345 chronic hepatitis C patients that all underwent liver biopsy [25] . First, LS correlated highly with the degree of fibrosis assessed by liver biopsy,, but we also found a weak correlation with hepatic iron deposition and steatosis and a mild correlation with activity. In multiple regression analysis, fibrosis, activity, and steatosis independently influenced LSM. Iron deposition does not seem to influence the liver stiffness in CHC patients. Fibrosis, activity, and steatosis together explained 62.4% of the variance of the LS. The three significant parameters uniquely explained 45.95% of the amount of LS, with fibrosis making the most unique contribution (44.49%); the difference of 16.25% (62.4%-45.95%) was accounted for by the joint contribution of the three parameters. The size and the direction of the relationships suggest that higher LS values are obtained for patients with advanced fibrosis, increased necroinflammatory activity and increased steatosis. Among these three, however, the stage of fibrosis is the single most important predictor, as suggested by the squared partial correlation [25] .
The prediction model computed from this study [25] can be expressed as follows:
Liver stiffness (log-transformed) = 0.493 + 0.180*fibrosis stage +0.034*steatosis + 0.033*activity grade.
Therefore, our studies showed that fibrosis is indeed the main predictor of liver stiffness, but the activity and steatosis cannot be neglected, and may explain the LS variability within the same fibrosis stage.
Performance of TE for the noninvasive evaluation of liver fibrosis HCV patients
The first condition that benefited from unidimensional transient elastography was chronic hepatitis type C [21, 26] .
The diagnosis of liver fibrosis stages
Studies performed on a large number of HCV patients indicate that the LS value is highly correlated with the stage of fibrosis. The practical utility of the method is based on establishing cutoff values for each stage of fibrosis. A diagnosis of stage F ≥2, F ≥3 and F4 (cirrhosis) is based on measurements of liver stiffness that vary, according to some studies, from 6.2 to 8.8 Kpa, 7.7 to 10.8 kPa and from 11 to 14.8 kPa (Table 1 ) [24, [26] [27] [28] [29] [30] .
There are some meta-analyses addressing the issue of diagnosis performance of TE. Fifty studies were included in the analysis performed by Friedrich Rust et al. The mean AUROC for the diagnosis of significant fibrosis, severe fibrosis, and cirrhosis were 0.84, 0.89 and 0.94, respectively [31] . In Stebbing's meta-analysis, a total of 22 studies were selected, comprising 4430 patients, most of them suffering from a virus C liver infection. The pooled estimates for significant fibrosis (≥F2) measured 7.71 kPa (LSM cutoff value) with a sensitivity of 71.9% and a specificity of 82.4%, whereas for cirrhosis (F4) the results showed a cutoff of 15.08 kPa with a sensitivity of 84.45% and a specificity of 94.69% [32] .
It must be underlined that, in spite of the very good areas under the ROC curves, overlaps of the stiffness values were registered in adjacent stages, especially for early fibrosis [33] . The increase of liver stiffness is higher between stage F2 (6.6 kPa) and F3 (10.3 kPa) of fibrosis than between F1 (5.5 kPa) and F2 (6.6 kPa), a fact that is in agreement with the morphological data according to which the increase in fibrotic tissue is more significant from F2 to F3 than from F1 to F2 [12] .
The diagnosis accuracy of TE is much better in predicting cirrhosis. In Friedrich-Rust metaanalysis [31] , the AUROC mean for the diagnosis of cirrhosis was 0.94 and the performance estimated by Talwalkar [34] was also very good: sensitivity 87%, specificity 91%, positive probability rate 11.7, and negative probability rate 0.14 (95% CI 0.10-0.20). Table 1 . Liver stiffness cutoff values for staging liver fibrosis using TE in HCV patients. Sensibility (Se), specificity (Sp), positive predictive value (PPV) and negative predictive value (NPV) for each fibrosis stage (using Metavir scorring system).
But it must not be forgotten that the cutoff values for predicting the stages of fibrosis were chosen using the ROC curves in such a way that the sum of sensitivity and specificity is maximum. The country where the study was performed was among the factors that influenced the diagnosis performance of TE [31] . Therefore, even though the cutoff values de-fined for a certain population may be relevant, they may not be applicable in another population where the incidence of fibrosis is different. Portal hypertension is the main characteristic of liver cirrhosis, and the hepatic venous portal gradient (HVPG) is the best surrogate marker to assess its presence.
A positive strong correlation between liver stiffness and HVPG was reported in HCV patients [37] and, afterwards, independently confirmed in another group of patients with severe fibrosis (Metavir F3-F4) [38] . The correlation was excellent for HVPG values lower than 10 or 12 mm Hg, but the linear regression analysis did not reveal exceptional results for HVPG values >10 mm Hg or >12 mm Hg. This means that, even though TU may detect a progressive elevation of the portal pressure, mainly because of an increase in intrahepatic vascular resistance caused by the accumulation of extracellular fibrillar matrix, this method can not entirely determine the extremely complex hemodynamic alterations that characterize the delayed phase of portal hypertension [39] . As a result, some authors believe it is unlikely that elastography can be useful in monitoring the hemodynamic therapeutic response, as the effect of the treatment is mainly mediated by the splanchnic circulatory changes [40] . Regarding the relationship between liver stiffness and the presence of esophageal varices, the area under the ROC curve for predicting the presence of varices varied between 0.76 and 0.84 [38, 41, 42] . Using cutoff values of 13.9 kPa, 17.6 kPa and 21.3 kPa, the sensitivity for varices prediction was high (95%, 90% and 79%), but the specificity was relatively low (43%, 43% and 70%) [38, 41, 42] . There are studies that demonstrated a relationship between the value of liver stiffness and the size of the varices [41, 42, 43] , while other studies were not able to demonstrate this correlation [38] . Using cutoff values of 19 and 30.5 kPa, the sensitivity of TE for varices prediction was higher, but the specificity and the positive predictive value were modest [41, 42] . TE did not provide better results than the serological markers (like prothrombin time, thrombocytes [44] or FibroTest [45] ), neither for varice detection (regardless of their grade), nor for the diagnosis of significant varices [41] . Yet, a predictive role of liver stiffness in anticipating variceal bleeding cannot be excluded [43, 46] .
These contradicting results may be caused by the heterogeneity of the studied populations, the variable prevalence of varices (in general, but also of the large ones), the lack of prospective validation (all the cited studies were cross-sectional studies) and the variability of the cutoff values [47] . In conclusion, the evaluation of liver stiffness is not safe enough for the detection and grading of esophageal varices in such a manner that it may replace upper digestive tract endoscopy in patients with cirrhosis, since the specificity and positive predictive value reported until now are too low to allow for a regular use of the method in clinical practice.
The literature data available on this topic are synthetized in The huge potential of TE for cirrhosis patients was acknowledged ever since the method was introduced, as it can serve as a fast and non-invasive screening toll in the assessment of actual complications, it can estimate the long term risk and thus place the patient in a certain risk category [49] . The first signs of this possibility were the outcome of a retrospective study which found that the risk of a patient with hepatitis C for developing hepatocellular carcinoma is 5 times higher in patients with a LS value above 25 kPa, at the moment of the diagnosis [50] . Even more, a recent prospective study [51] , that evaluated the role of liver stiffness in predicting complications related to portal hypertension in cirrhosis patients, demonstrated that a LS value < 21.1 kPa at diagnosis was as valuable as a HVPG<12 mmHg in the selection of the patients who will not experiment clinical events.
Optimization of liver stiffness performance in the diagnosis of liver cirrhosis or its complications
Based on the principle enounced by Pinzani et al, which states that a concordance between two distinct noninvasive tests is needed for an accurate diagnosis [52] , an association between LS and serum noninvasive tests for liver fibrosis was used to improve the diagnostic accuracy. Such an algorithm was proposed by the Bordeaux group [53] and it is based on the concordance between FibroScan and FibroTest. Using this approach, cirrhosis could be diagnosed with an accuracy of 93% and liver biopsy could be avoided for the diagnosis of cirrhosis in almost 80% of cases. On the other hand, our group managed to demonstrate that the Lok Score and LS used together as part of a noninvasive algorithm (see figure 1) can improve (78% diagnostic accuracy) the noninvasive estimation of large esophageal varices in cirrhotic patients [54] . 
TE efficacy in hepatocellular carcinoma risk assessment
Early detection of hepatocellular carcinoma (HCC) in HCV patients represents an emerging health problem. As a common practice, alpha-fetoprotein (AFP) is widely used for the diagnosis of HCC, despite its low sensitivity and specificity [55] . Tateyama et al report AFP above normal levels as a risk factor for the development of hepatocellular carcinoma in patients infected with hepatitis C virus [56] .
Besides AFP, it has been proven that LS values increase as the liver disease progresses, the highest values being specific for cirrhotic patients with associated HCC [36] . The evidence prove that the individual role of increased LS measurements and serological markers are predictive biomarkers of HCC [57, 58] . The first risk evaluation of HCC development in HCV patients using TE was first performed by Foucher et al in 2006, reporting a cut-off value of 53.7 kPa [36] . Also, according to Akima T et al [59] liver stiffness as measured by TE is a good predictor of HCC development in viral hepatitis, with serum total bilirubin ≥1.0 mg/dL significantly correlated with tumor development. The latest published results report good diagnostic accuracy of LS in HCC prediction, for cut-off values ranging between 12.5 and 53.7 kPa [57, 59, 60] . However none of these studies have been designed to evaluate the accuracy of more predictive parameters, others than LS. On the other hand, adding biomarkers and other variables (such as variance) to LS measurement could represent confounding factors in the assessment of patients with liver cirrhosis and HCC [61] . This may lead to an over-or under-estimation of the risk assessed by TE, so a new accuracy testing is needed. Nevertheless, increased LS seems to be a determinant of advanced cirrhosis, being associated with decompensating episodes (high grade esophageal varices, bleeding, development of ascites) as well as with the presence of HCC [62] , proving that increased LS alone cannot be a good predictor of HCC.
On the other hand, Japanese studies also suggest that TE could be used as an indicator for the development of hepatocellular carcinoma in patients with virus C hepatitis [58, 63] , the risk being 5 times higher in patients with a liver stiffness of over 25 kPa. Yet, these results must be confirmed in prospective studies performed on larger groups of patients, in order to see whether liver stiffness can trully predict complication development in patients with compensated cirrhosis [21] . If this fact is confirmed, elastography may serve as a non-invasive, quick screening modality which could place the cirrhosis patient in a certain risk category [64] .
Hepatitis C infection recurrence after liver transplant
ETU is useful in the appreciation of the severity of hepatitis C recurrence after transplantation, thus reducing the number of liver biopsies [65] . In Carrion's study, for a cutoff value of 8.5 kPa, the sensitivity, specificity, negative predictive value and positive predictive value in anticipating significant fibrosis were 90%, 81%, 79% and 92%. The important thing is that none of the patients with a liver stiffness below that value presented severe fibrosis (F3), cirrhosis (F4) or significant portal hypertension (HVPG ≥10 mm Hg). Furthermore only 6 (10%) out of the 62 patients, having LS below the established threshold limit value,, did develop portal hypertension, but in all cases it was a mild hypertension.
In Rigamonti's study [66] , during the follow-up after transplantation, in 40 patients with double biopsies (at 6 and 21 months), the liver stiffness changed in parallel with the stage of fibrosis, having a sensitivity of 86 % and a specificity of 92% in predicting an increase in the stage of fibrosis.
A recently published meta-analysis [67] showed that in patients undergoing transplantation for HCV-related disease, TE appears to be a reliable diagnostic test for the exclusion of liver cirrhosis. Furthermore, low TE values can reliable exclude cirrhosis in patients with recurrent HCV after liver transplantation and liver biopsy may even be avoided in these situations. Among the studies that evaluated significant fibrosis due to a recurrent HCV infection after liver transplantation, the pooled estimates were 83% for sensitivity, 83% for specificity, 4.95 for the positive likelihood ratio, 0.17 for negative likelihood ratio and 30.5 for diagnostic odds ratio. For the studies that assessed cirrhosis, the pooled estimates were 98% for sensitivity, 84% for specificity, 7 for positive likelihood ratio, 0.06 for negative likelihood ratio, and 130 for diagnostic odds ratio [67] .
Confounding factors influencing the interpretation of liver stiffness values
Since the liver is self-contained in the non extensible Glisson's capsule, stiffness is definitively influenced by pressure that can be either hydrostatic or osmotic [68] . There are a few con- Necroinflammatory activity proved to influence liver stiffness in patients with viral hepatitis, causing an increase in stiffness in parallel with the grade of histological activity [29, 69, 70] . In agreement with these results, the risk of overestimating the stage of fibrosis may occur in patients with acute hepatitis or reactivated chronic hepatitis, if just the value of liver stiffness is considered. Recent studies demonstrated that tissue alterations associated with acute hepatitis in a patient with no liver disease history produce a significant growth of liver stiffness, sometimes reaching cirrhosis values; this is due either to cellular intumescence or to severe cholestasis [71] . The contribution of these non-fibrotic changes upon liver stiffness was demonstrated by the progressive reduction of liver stiffness parallel with the decrease of the transaminases [72, 73] .
On the other hand, in patients with reactivated chronic hepatitis (therefore with preexisting fibrosis), the increased stiffness is not caused by fibrosis alone, but also by the added cellular intumescence [74] .
From a practical perspective, it is important that the values of liver stiffness in patients with acute hepatitis or in those with reactivated chronic hepatitis must be interpreted carefully, within the patient's clinical and biochemical context [75] . In these patients, a certain diagnosis of severe fibrosis or cirrhosis cannot be established. The right management in these cases is to wait until the transaminases come back to normal and only when the potential involvement of inflammation is removed, the real status of fibrosis can be determined; it can thus be established whether the event was an acute hepatitis on a diseased liver or a chronic hepatitis with pre-existing fibrosis that was reactivated [76] .
At the same time, in patients with acute hepatitis, the evaluation of liver stiffness at various time intervals, can indicate the evolutive pattern of the condition, that may be characterized either by evolution towards fulminant hepatitis (significant increase in LS), or by remission (decrease in LS) [77] .
Liver steatosis. The influence of steatosis on liver stiffness remains controversial. In some studies, steatosis did not have a significant impact on liver stiffness, even after adjusting for fibrosis stage [16, 24, 28] . Still, in these studies, the proportion of patients with severe steatosis was too low to reliably quantify a possible influence and therefore further studies are necessary to clarify this aspect.
We noticed from our experience that, after performing a stratified analysis of liver stiffness for each stage of fibrosis, for the same grade of necroinflammatory activity (moderate-severe), the presence of steatosis lead to a significant increase in LS from 5.89 ± 1.64 kPa to 7.15 ± 2.67 kPa for those with stage F1 Metavir (p=0.004), and from 7.23±2.74 to 8.55±4.67 kPa for those with stage F2 (p=0.04) [78] . Besides, our studies have demonstrated that fibrosis is indeed the main predictor of liver stiffness, but activity and steatosis cannot be neglected and may explain the LS variability within the same fibrosis stage [25] . Afterwards, Ziol et al, using computer analysis of the microscopic image on a group of 152 patients, confirmed that steatosis clearly influences liver stiffness independently from fibrosis, an influence that is insignificant in patients with cirrhosis, but important in non-cirrhosis patients [79] .
Extra-hepatic cholestasis. The impact of extrahepatic cholestasis on liver stiffness was recently demonstrated by Milloning [80] by evaluating cholestasis before endoscopic retrograde cholangiopancreatography as well as 3 and 12 days after the procedure, in a study group of patients with cholestasis caused mainly by a neoplastic invasion of the biliary tree. If initially liver stiffness had values close to cirrhosis values (a mean of 15.2 kPa), after drainage, the LS decreased as low as 7 kPa, in parallel with a decrease in values of bilirubin of 2.8-2.9 mg/dl. In all patients that underwent biliary drainage, the decrease of liver stiffness correlated with that of the bilirubin values, with a mean of decrease of 1.2 ±0.56 kPa for a reduction of the bilirubin of 1g/dl. The relationship between liver stiffness and cholestasis was afterwards reproduced in the same study on an animal model that underwent ligation of the biliary duct. This resulted in an elevation of liver stiffness from 4.6 kPa to 8.8 kPa in the first 120 minutes after ligation and a decrease in stiffness to 6.1 kPa within the first 30 minutes after decompression. In conclusion, it is indicated that before an interpretation of the stiffness measurements is performed, an eventual extrahepatic cholestasis must be excluded using imaging investigations and lab tests.
Congestive heart failure may lead to an increased liver stiffness, with values similar to cirrhosis, because of the elevated blood content of the liver, in 60% of the patients [80] [81] [82] [83] [84] . In the context of cardiopulmonary conditions, TE may be relevant for the evaluation of treatment efficacy, as liver stiffness decreases once cardiac compensation is achieved.
Optimizing the non-invasive diagnosis of portal hypertension using spleen stiffness measurements
Splenomegaly is a common finding in liver cirrhosis that should determine changes in spleen density as well, because of tissue hyperplasia and fibrosis [85, 86] , and/or because of portal and splenic congestion due to the splanchnic hyper-dynamic state [87] . These changes might be quantified by elastography. Until recently, only magnetic resonance elastography (MRE) was used with encouraging results in this respect [88] . The preliminary data showed a highly significant correlation between liver and spleen stiness in patients with portal hypertension, but, according to the authors, the validity of spleen stiffness as noninvasive measure of portal venous pressure is not reliable enough [89] .
Principle of TE for Spleen Stiffness Measurements (SSM) and technique assessment
Our group proposed for the first time the use of FibroScan® for spleen stiffness measurement (SSM) [90] . For the measurement itself we proposed the same procedure as for the liver stiffness measurement, with the sole exception that the patient had his left arm in maximum abduction and the transducer was placed in the left intercostal spaces, usually on the posterior axillary line. For better locating the splenic parenchyma, we also used ultrasound guidance, so that we could choose the best location for performing the analysis. 
Efficacy of spleen stiffness measurements for the evaluation of the presence and the grade of esophageal varices
In the above mentioned study, we demonstrated that spleen stiffness can be assessed using transient elastography, the sole factor influencing the measurement being the spleen size. Spleen stiffness increases as the liver disease worsens, from normal to chronic hepatitis and to liver cirrhosis (figure 2). In liver cirrhosis patients, the spleen stiffness measurement, can predict the presence, but not the grade of esophageal varices. Therefore, for a cutoff value of 46.4 kPa, we managed to predict the presence of esophageal varices with a diagnostic accuracy of 80.45% and an AU-ROC of 0.781 ( figure 3) . In another more recent study [91] , another group demonstrated that SSM also correlates with HVPG values, suggesting that this new elastographic technique may become a valuable noninvasive method for liver cirrhosis patients
Improving diagnostic accuracy for esophageal varices by modifying the SSM calculation algorithm
Regarding the spleen stiffness measurement itself, we observed that the results seem to be influenced by the intrinsic characteristics of the machine (FibroScan). Regardless of the variceal status of the patients, or the grade of the varices, SSM reached the maximum value that can be measured by the machine (75 KPa) . This is an important drawback, because we have to face a significant interpolation between the patients groups. If the FibroScan had been able to determine values beyond 75 KPa, we may have obtained better figures. In order to overcome this situation, we cooperated with the manufacturer of the device for developing a new calculation algorithm, not available on the commercial device, which allows stiffness measurements of up to 150 kPa. In a validation study [54] , using the new calculation algorithm, we could differentiate between any classes of esophageal varices, except V1 vs V2 (p<0.005) and could select patients with V3 (V012 vs V3 = 63.49 vs 116.08 kPa, p<0.005), the ones that are at higher risk for bleeding (figure 4).
Noninvasive evaluation of liver steatosis using Controlled Attenuation Parameter (CAP)
Even though liver stiffness provides an alternative to liver biopsy for fibrosis staging, it can identify very important histologic features such as macrovesicular steatosis, ballooned hepatocytes, inflammation, etc [68] . Knowing that fat interferes with ultrasound propagation, a novel attenuation parameter has been developed to detect and quantify liver steatosis. This parameter is based on the ultra- . CAP is evaluated using the same radio-frequency data and the same region of interest, as the region used to assess the LSM. CAP is only appraised if the acquisition is ''valid''. Therefore, CAP is guided by vibration-controlled transient elastography (VCTE), which ensures that the operator automatically obtains an ultrasonic attenuation value of the liver [92, 93] . The device is used to assess, at the same time, LS (which is related to liver fibrosis) and CAP (which is related to liver steatosis).
Even though relatively few studies have been published on this topic [92, 93, 94, 95 ] the preliminary results showed that CAP is a promising non-invasive tool to detect steatosis in CHC patients.
In the study conducted by Sasso et al, the CAP performance was appraised on 115 patients, taking the histological grade of steatosis as reference. CAP was significantly correlated to steatosis with an AUROC equal to 0.91 and 0.95 for the detection of more than 10% and 33% of steatosis, respectively.
A study performed recently on 615 HCV patients, who underwent both Fibroscan (®) and liver biopsy showed in multivariate analysis, that CAP was related to steatosis, independently of fibrosis stage (which was related to LS. The AUROCs of the were 0.80, 0.86 and 0.88 respectively, for predicting a fatty overload of more than 11%, 33%, and 66%, respectively. CAP also exhibited a good ability to differentiate steatosis grades (Obuchowski measure = 0.92) [96] .
CAP is evaluated using the same radio-frequency data and the same region of interest, as the region used to assess the liver stiffness for fibrosis quantification. Preliminary studies performed in our department have found significantly different CAP values for different steatosis grades and AUROCs of 0.830 and 0.85 respectively, for the prediction of a hepatic fat content over 33% and 66%, respectively [97] .
The advantages of TE in liver steatosis, fibrosis and cirrhosis diagnosis
Compared with other diagnosis indicators or predictive models based on lab tests, the evaluation of fibrosis using elastography has some important advantages [98, 99] :
• It is easy to use; noninvasive; pain-free; does not require anesthesia or hospitalization and is therefore easily accepted by the patient;
• It is quick, the time needed for the examination being very short;
• It is not influenced by concomitant conditions;
• It is operator independent;
Liver Biopsy -Indications, Procedures, Results
• The liver volume used to evaluate fibrosis is 150-400 times higher than the volume obtained through liver biopsy.
As far as the evaluation of liver steatosis is concerned, in comparison to other modalities, CAP is non-invasive, quantitative, non-ionizing, and inexpensive. Furthermore, the procedure is easy to perform, even by an operator who does not have any radiological skills and provides immediate results. The procedure is also machine-independent and does not require corrections to be made for gain, frequency, focusing or beam diffraction, and is also not subject to operator interpretation. In addition, CAP has been shown to efficiently detect steatosis at a level of ≥ 10%, which is more sensitive than other imaging modalities. Compared to a liver biopsy, CAP is less prone to sampling error as it explores a liver volume ∼100 times larger [92, 93] .
Limitations of TE
Liver fibrosis can not be evaluated by TE in 5-8 % of the cases. Some of the possible causes for this are listed below [16] :
• obesity (an ultrasound machine may be used in order to find the best window and thus increase the ability to measure liver stiffness in overweight patients);
• a narrow intercostal space;
• ascites (vibrations are not transmitted through fluid);
• the quality of the liver parenchyma and other liver structures;
• large vascular structure present in the acquisition window (may lead to false results).
The failure of TE varies according to different authors from 2.4% to 9.4% [16, 21, 24, 36, 74, 64, 100] . In a study performed on 2114 patients [101] , liver stiffness could not be determined in 4.5% of the cases and multivariate analysis showed that the only element associated with measurement failure is a body mass index over 28. Yet, with more experience, one may realize that a thick thoracic wall is more likely to be a limiting factor for a failed measurement than the growth of the body mass index in itself [102] .
Technical solutions regarding the design of the probe were investigated lately, in order to overcome these limitations. Recently a new probe became available, that was specially designed for obese patients, with a central frequency of 2.5% MHz (compared with the 5MHz probe that is usually used), and that is able to determine liver stiffness on a distance of 35-75 mm from the skin (while the normal probe is able to do that on distance of 25 to 45 cm).
With the help of this new transducer, it was possible to obtain valid measurements in 49% of the patients with a BMI ≥30 kg/m2, in which the usual probe failed to determine the LS [103] .
As far as predicting steatosis in HCV patients is concerned, CAP has further validation in larger populations and by independent teams, since there are rather few studies published until now. Another important limitation is that CAP cannot be used with measurements taken from the XL probe, which is a novel probe designed to assess liver stiffness in overweight and obese patients [75, 76] . Thus, CAP needs to be developed to work with the XL probe.
Conclusions
The possibility of concomitant assessment of liver fibrosis (using liver stiffness measurement) and of steatosis (using CAP) makes Fibroscan a promising non-invasive tool for assessing and quantifying both fibrosis and steatosis, that may broaden the spectrum of noninvasive methods used for the investigation and follow-up of patients with chronic hepatitis C. But it is important that interpretation of the liver stiffness values be done by an experienced physician and always within the clinical and biochemical context of the patient.
